POCCMtfCKAR <DEflEPAL4Hfl 



CM 
O 

CO 
09 

CO 

to 

CM 
CM 




(19) 



(51) MflK 7 



RU (11) 2?^. * l?K (13) C2 



E 21 B 43/26 



0EflEPAJlbHAFI CJIVOKBA 
no l/IHTEJUIEKTyAJlbHOfi C05CTBEHHOCTM, 
flATEHTAM M TOBAPHbIM 3HAKAM 



( 12 )OrMCAI-ME H30EFETEHH5R K flATEHTY 



(21), (22)3anBKa: 2003111212/03, 1B.04.2003 

(24) flara Hanana fleiicTBMfl narenna: 18.04.2003 

(30) npwopHTeT: 19.04.2002 US 10/126,338 

(43) flara ny6nnKai4MW 3anBKn: 20.1 1 .2004 

(45) Ony6nw<DBaKo: 20.07.2005 Bion. Na 20 

(56) CnncoK flOKyMemoB, niiTiipoBaHHUx b otm6T£ o 
noMOce: SU 703654 A, 15.12.1979. RU 2015313 
C1, 30.06.1994. RU 2018642 C1, 30.08.1994. 
RU 2133716 01, 10.03.1995. RU 2166079 C1, 
27.04.2001. US 5188175 A, 23.02.1993. US 
6330916 A, 18.12.2001. 

Aflpec Ann nepenwcKw: 

129010, Mocnaa, yn. B.CnaocKaH, 25, CTp.3, 

OOO "lOpHflHMSCKSB CpHpMa ropOflMCCKMpi H 

napTHepw", naT.noB. r.B. EropoBoii 



(72) ABTop(bi): 

EOHM KepiHcJl. (US), 
MHWIEP MeTbrofl)K.(RU), 
no LUo-BeCi (US) 

(73) nareHToo6jiaflaTeiib(nn): 
ILnKDMBEPrEP TEKHOJIOAXCM EB (NL) 



(54) CnOCOB PACKTIUHUBAHHH TPEU4WHbl B nOfl3EMHOM ITTIACTE (BAPHAHTbl) M CnOCOB 
rWflPOPA3PblBAB nOfl3EMHOM firiACTE 



(57) PecpepaT: 

M3o5peTeHne othocmtct k o6nacra 
raApaBJWHecKora pa3ptiBa b noAseMHOM nnacre, 
6onee KoHKpeTHO, k cnoco6y h cpeflCTBy flrra 

OnTHMMSaHHH npOBOflMMOCTM TpeiHWHbl. 

06ecne4MBaeT yBennHeHwe npoBoAHMOcrw 
pactcnHHMBaioi^ero HanonHWTerra h 

npOH3BOAKTenbHOCTH CKBaHCHHbl. Cyi^HOCTb 



«3o6peTeHiw: pacunMHHBaiOT nacrrb Bceii TpetLjHHM b 
noA36MHOM nnacrre c noMombio pacKnnHHBaiom©ro 
Hanoimweiw, ccflepMtaqero, no cyinecrey, Maropnaji 
b Biifle yAriHHeHHbix MacxwLi, MMeromux cpopwiy c 

C00THDLU6HHSM AHMHbl K UMpMHe, npeBblUJaK>L14WM 5, 

npeAno4TnrenbHO cerMem MerannwHecKoEi 
npoBonoicn. 3 h. n 25 3.n. $-nu, 8 Ta6n., 4 tin. 



to 



o 



3 




CrpaHMMa:2 



RUSSIAN FEDERATION 



CO 
CO 

r- 
co 

lO 
CM 
CM 




(19) RU <11) i ', t. I,3> C2 



(51) Int. CI. 7 



E 21 B 43/26 



FEDERAL SERVICE 
FOR INTELLECTUAL PROPERTY, 
PATENTS AND TRADEMARKS 

( 12 > ABSTRACT OF INVENTION 



(21), (22) Application: 2003111212/03, 18.04.2003 
(24) Effective date for property rights: 18.04.2003 
(30) Priority: 19.04.2002 US 10/126,338 
(43) Application published: 20.11.2004 
(45) Date of publication: 20.07.2005 Bull. 20 



129010, Moskva, id. B.Spasskaja, 25, str.3, 
OOO "Juridicheskaja firma Gorodisskij i 
Partnery", pat.pov. G.B. Egorovoj 



(72) Inventors): 

BONI Kertis L. (US), 
MILLER M.D. (RU), 
LO Sho-Vej (US) 

(73) Proprietors): 

ShLJuMBERGER TEKNOLODZhl BV (NL) 



(54) METHOD FOR WEDGING CRACK IN SUBTERRANEAN BED (VARIANTS) AND METHOD FOR 
HYDRAULIC FRACTURING IN SUBTERRANEAN BED 

(57) Abstract: 

FIELD: mining industry. 

SUBSTANCE: method includes wedging of whole 
crack in bed by wedging filler, containing 
material in form of elongated particles, having 
shape with relation of length to width, exceeding 
5, preferably segment of metallic wire. 

EFFECT: higher efficiency, broader functional 



3ci, 8ex,8tbl,4dwg 




o 



3 



RU 2 256 786 C2 



Hacronmee M3o6peTeHnG b ochobhom OTHOCMTcn k oSnacm rkiflpaBmiHecKoro pa3pbiBa b 
nofl3©MHbix nnacTax n, b MacTHOCTVi, k cnoco6y m cpeflCTBy Ann onTMMM3ai4iin npoBOflMMOCTM 
TpemwHbi. 

ruflpaBnMHeCKMM pa3pbIB JlBnneTCn OCHOBHbIM MHCTpyiweHTOM Ann nOBblUJeHMfl 

5 npoii3BOAMTenbHOCTM cKBaxoiHbi nyreM pa3MemeHwn vmw pacwMpeHwn KaHanoB ot CTBona 
CKBa>KMHbi b npoflyKTMBHbiCi nnacT. 3Ta onepaqMn no cymecrBy BbinonHneTcn nyreM 
riiApaBnimecKoro BBefleHun pa3pbiBaiomeiS wmakoctm b ctboh cKBawwHbi, nepeceKawu^eei 
noA3ewnoe Mecropo^eHne, m B03fleiicTBMn pa3pbtBaroLneM wwakoctm Ha Tonu^y nnacroB 
AaBneHwew. ITnacTOBoe oTnoweHwe nopoA nnn ropHan nopoAa npwHy>KAaeTcn k 

10 pacTpecKMBaHMio m pa3pbiBy. PacEaiHHMBarainnCi HanonHMTenb pa3MemaeTcn b TpeujMHe Ann 
npeAOTBpameHMfl ee CMbiKaHMn w, Tew cawibiM, Ann oOecne^eHMn ynywiueHHOM aoSmmm 
M3BneKaewiOM TeKynefi cpeAbi, to ecTb Hetp™, ra3a iinw boaw. 

TaKMM o6pa30M, pacKnuHnsaioiMMM HanonHMTenb wcnojib3yeTcn Ann yAepwaHiw creHOK 
Tpeu4MHbi Ha paccTOJiHMH Apyr ot Apyra, Ann C03AaHwn npoBOAnmero KaHana b CTBone 

15 CKBaxaiHbi, nocne Toro iok HaKamiBaHMe npeKpaTMTcn. TaKMM o6pa30M, pa3MeiAeHwe 

cooTBeTCTByioinero pacKnwHMBaromero HanonHMTenn, c cooTBeTCTByromefi KOHi^eHTpauneCi Ann 
cpopMMpoBaHMH cooTBeTCTBytoineM 3annaAKM pacKnuHiiBaromera HanonHMTenn nBnneTcn 
BajKHbiiw Ann AocTwweHMfl niApaBnMHecKoro pa3pbrea. 

necoic, noKpbiTbiW CMonofi necoK, m KepawiimecKiie Haemal Han6onee Macro Mcnonb3yioTcn 

20 K3K pacKnuHMsaiomMe HanonHMTenn, xOTn b nwTepaType, nanpMMep b naTeKre CULIA Ne4654266, 
TaioKe ynoMMHaeTcn McnonbsoBaHMe ocronKOB CKopnynu rpenKoro opexa (cropjiyna rpeMKoro 
opexa - HeRTpanbHbiiS HanonHMTenb Ann 6opb6w c nornomeHMew 6ypoBoro pacrBopa), 
noKpbiTbix HeKOTopbiMM cBn3yioinMMii npwcaAicaMM, wieTannnHGCKOH ap°6m v\m wapMKOB c 
MeTannimecKMM noKpbiTneiw, noMrn ccpepimecKwx, ho co ckbo3hwmm KaHanaMM Ann ynymueHMn 

25 MX npOBOAMMOCTM. 

Ha npoBOAMMocTb paacnnHMBaromero HanonHMTenn BjinniOT maBHbiwi o6pa3owi A^a 
napawieTpa: inwpMHa 3aicnaAKM pacicnMHMBaioiAero HanonHMTenn m npOHMuaeiuocTb 3aKnaAKM 
paoainHMBaiomero HanonHMTenn. TwnMMHbie weTOAbi ynymueHwn npoBOAMMocrw 
pa3pyiuaioiAero pacicnMHMBaiomero HanonHMTenn BmnonaioT ncnonb30BaHMe pacKnMHMBaioiijero 

30 HanonHMTenn c oqeHb 6onbiuMM AwawieTpowi. BooGi^e, Haw6onee pacnpocTpaHeHHbie wieTOAbi 
yBenMHeHwn pa3pbiBHoro AewcrBnn pacKnMHMBaromero HanonHMTenn BicniOMaiOT wcnonb30BaHMe 
BbicoKonpoHHbix pacKnMHMBaioinMx HanonHMTenefi, pacicnMHMBaioiUMX HanonHMTeneiS 6onbLuoro 
AwaMeTpa, bwcokwx K0HLjeHTpai4MM pacKnwHMBaiowiero HanonHMTenn b 3aicnaAKe 
paciaiMHMBaroiAero HanonHMTenn Ann o6ecne4eHMn 6onee niMpOKoro pacKJiMHMBaHMn TpeiAMH, 

35 iwaTepwanoB, noBbiiuaioiAMX npoBOAMMocTb, jamx. kbk M3MenbHMTenw, Ao6aBKM, 

cnoco6cTByioiAiie npoTMBOTOKy, bojiokoh m APyrwx MaTepwanoB, KOTOpbie cpM3MMec(CM M3MeHnioT 
3aKnaAKy pacioiMHHBaioiAero HanonHMTe/in, a Taiwe Mcnonb30BaHMe KMAKocreR, He npMBOAniMwx 
k pa3pyujeHMfo pa3pwBa, tbkmx kqk 3aryu^eHHan HecpTb, Bn3Koynpyri/ie noBepxHOCTHo-aicrMBHbie 

>KMAKOCTM, BCneHeHHbie 3KMAK0CTM MXIM 3Mynbmp0BaHHbie >KHAKOCTM. TaiO<e M3BeCTHO, HTO 

40 pa3wiep MacTMtf, rpaHynoMeTpMqecKMM cocraB, KonwHecTBO wiemcwx cppaiajMw w npMMeceiS, 
DKpymocTb m mapoo6pa3HOCTb m nnoTHOCTb pacKnuHMsaromero HanonHMTenn oKa3biBaioT 
BnMnHMe Ha npoBOAMMocTb pa3pbiBa. 

KaK yKa3aHo Bbiiue, ocHOBHan cpyHKqMn pacicnwHMBaioiAero HanonHMTenn coctomt b 
noAAepaoHMM TpeiAMHbi OTKpbiTOM 3a cneT npeoAoneHMn Hanpn>KeHMn b ecrecTBeHHOM 

45 3aneraHMM. FlocKonbHy npOHHocTb pacicnMHMBaioinero HanorawTenn HeAOCTaTOH ho BbicoKa, to 
Hanpn>KeHMe 3aKpbiTMn apo6mt pacKnMHMBaiOEJUMM HanonHMTenb, co3AaBan wienioie nacTMi^bi m 
ywieHbiuan npoBOflMMocrb. necoK o6bmHo npMroAeH Ann HanpnaceHwiS 3aKpbiTMn wieHbine, neM 
npM6nM3MTenbHO 6000 cpyHT/AiowM 2 {41 Mlla); necox, noKpbiTbiM cwionofi, inoxeT 6biTb 
Mcnonb30BaH BnnoTb ao npM6nM3MTenbH0 8000 cpyHT/AWMM (55 MHa). PacknMHMBatomMM 

so HanonHMTenb cpeflHevi npoMHocTM o6bmHo coctomt M3 nnaBneHOM KepawiMKM MnM cneMeHHoro 
SoKCMTa m Mcnonb3yeTcn Ann HanpnxeHMfi 3aKpbiTMn b npeAenax uexpy 5000 ^ymlpy^hu w 
10000 cpyHT/AK30M (ot 34 MHa ao 69 Mlla). PacKnMHMBaroiAMM HanonHMTenb bwcokom 
npoMHocTM, cocToninMM M3 cne4eHHoro 6okcmt3 c SonbLUHM KonMHecTBowi rapyHAa, 

CipaHHqa: 4 
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wcnojib3yeTCfl npw HanpuweHMflx 3aKpbtTMfi EnnoTb ao npn6jiM3iiTenbH0 14000 tpyHT/fliotiM (96 
MPla). 

npoHMqaewiocTb pacKrwHeHHofi Tpei^nHbi yBenw-iHBaeTCfl nponopm/iOHanbHo KBaflpaTy 
AiiawieTpa Macronbi. OflHaico KpynHbie qacTwubi saMaciyto 6onee BocnpwwMmiBbi k Apo6neHMro, 
s wwieroT b 6onbuiefi CTeneHii npo6neMbi pa3MeineHMH, m b hmx 6onee Jienco npoHMKaioT wiennne 
qacTMLibi. B pe3yribTaTe 3Toro cpeAHee 3HaneHwe npoBOAwwiocTW Ha npoTn»<eHMM nepwoAa 
aKcnnyaTamiii cKBaaoiHbi, b ASMCTBHTe/ibHocTM Mower 6biTb 6onee bwcokmm c ncnorib30BaHneM 
weHbUJMX pacicnMHiiBaioini/ix HanonHirreneii. 

flnn orpaHMMeHiifl o6paTHoro ABiweHMH MaTepwanoB b BWAe Macrwi^ pacKntwuBaioinero 
10 HanonHMTenn, noMemeHHoro b nnacT, KaK pacKpbiTO b naTeHTe CUJA N°5330005, Ao6aBnnroT 
BonoKHMCTbiM MarepMan, CMeLuaHHbM c wiaTepnanoM pacicnMHiiBaioLnero HanonHWTenH. 
CHMtaeTCfl, mto BoxioKHa KOHL|eHTpMpyioTcq b cnjiouiHOM KapKac vtm APyryio TpexMepHyio 
CTpyioypy, KoropaH yAepatMBaeT pacKnuHMBaromMM HanonHiuejib, orpaHimwBan Tewi cawibiw ero 
o6paTHoe abidkbhhb. BonoKHa Moryr 6biTb 113 deicna, KepawiMKM, yrnepoAa, HaTypanbHbix nnn 

15 CMHTeTMHeCKMX nOHMMGpOB MJ1M M3 MeTaWia. 06blHHO OHM MMeiOT AHUHy npH6jlM3MTe/lbHO OT 2 

AO 30 mm m AwaMeTp ot 10 ao 100 mkm. B cootbotctbm \a c narreHTOM CllJA Ns>5908073 o6paTHoe 
ABiDKeHne npeAOTBpamaeTCfl 6naroAapn ncnojib30BaHMto cbh30k botokoh, coAepjKamwx 
npM6nn3MTenbHo ot 5 ao 200 oTAenbHbix bojiokoh, iiMeromMx flniiHbi b Awana30He 
npM6nn3iiTeribHo ot 0.8 ao 2.5 mm m AitaMerp b Awana30He npi/i6fiW3MTenbHo ot 10 ao 1000 

20 mkm. KpoMe Torn, K3 naTeHTa CUJA N26059034 M3BecTH0 CMewiiBaHMe MaTepwana 
pacKnMHMBaioiAero HanojiHHTenn c AecpopMwpyeMbiM MatepnanoM b bwas MacroM- 
flecpopMwpyeMbie Macrimbi MoryT wMeTb paanHHHyro cpopMy, HanpwMep oBanbHyio, Ky6imecKyto, 
CTep>KHeo6pa3Hyw, MwiMHApimecKyro, MHororpaHHyio, HenpaBwnbHyio, KOHMHecxyio - ho 
npeflnoMTMTenbHo c MaKcwMaribHbiM oTHoweHiieM ahmhw k ocHOBaHiiro MOHbuiMM nn6o paBHbIM 

25 5, h b TiinoBOM cny4ae npeACTaBnaiOT co6om ccpepunecKMe nnacniKOBbie tuapiiKw urn 

KOMno3MTHbie MacTMqbi, coAepwauinx HeAecpopMiipyeMoe hapo m AeepopMwpyeMoe noKpbiTiie. B 
ApyroM BapwaHre ocymecTBneHwi, 3aHBjieHHOM b naTeHTe CUJA Na6330916, HacTMi^w MoryT 
BKnionaTb pa3MonoTbte unw Apo6neHbie MaTepnanbi, HanpwMep opexoByro cKOpnyny, cxopnyny 
ceMJiH, koctohkm c})pyKTOB m o6pa6oTaHHyio ApeeecMHy. 

30 C/ieAyeT oTMeTiiTb, mto bo Bcex neTbipex BbiiueynoMflHyTbix naTeHTax CUJA, 

pacKHMHUBaioiAMM HanonHMTejib coctowt no cyiMecTBy M3 ccpepimecKiix qacTWL; - no 6ojibine« 
MacTM necKa, - CMeujaHHbix c MaTepwanoM, KOTopwii MOMteT MMeTb yAnnHeHHyio cpopMy. 3to 
OTpa>KaeT o6iAee noHMMaHne b AaHHofi o6nacTM TexHMKM, mto ymoBaTbie MacTML(b[ pa3pyujaHDTCfl 
npw 6onee hm3Kmx Hanp5i>KeHM55x 3aKpbiTMfl, cpopMwpyfl 6onee Menxne cppatqwn m, TaKMM 

35 o6pa30M, noHMJKaH npoBOAMMOCTb TpeiAMHbi. C APyrofi cropoHbi, ccpepwHecKiie nacTMi^bt 
OAMHaKOBoro pa3Mepa MMeroT pe3y/ibTaTOM 6onee BbicoKiie Harpy3KW nepeA pa3pyiueHneM, 
nocKonbicy HanpflweHwn pacnpeAemiroTCfl 6onee paBHOMepHo. 

flo6aBJieHwe b AaHHbie npoAyicrbi bojiokoh wnn BonoKOHHo-noAo6Hbix npoAyKTOB MO>KeT 
cnocoScTBOBaTb yMeHbiueHMio oSpaTHoro ppwrnmn pacKnuHMBaioinero HanojiHUTeiw) m, 

40 cneAOBaTenbHo, nyqujeM 3aicnaAKe pacKnwHHBarainero HanonHMTena b Tpei^MHy. KpoMe Toro, 
" ohm cnoco6cTByroT npeAOTBpameHMio nepeMemeHMji MenKuix nacrim m, cneAOBaTenbHo, 
npeAOTBpamaioT yMGHbiueHMe npOBOAMMOcro pacKnMHMBaioiMero HanojiHwren^; OAHaxo Bee 
eiije MMeeTCfl noTpeSHOCTb b hobom Tune pacunHHMBaroiAero HanonHMTena, KOTopbiPi 6yAeT 
o6ecneMMBaTb 6onee Bbicoicyio npoBOAWMOCTb. 

45 TexHMMecKMM pe3ynbTaTOM HacTOJiuLiero M3o6peTeHMH flBnneTcn co3AaHiie hoboto Twna 
pacKnHHMBaromero HanonHMTena m ynyniueHHoro cnoco6a pacKHHHMBaHun TpeunwHbi unn Macru 
TpeiAMHbi, HanpwMep KOHLja TpemwHbi b6jim3m CTBona CKBaxaiHbi, o6ecne4MBa>ouJiMX yBenimeHwe 
npoBOAMMOCTM paocnuHMBaiomero HanonHMTenn ui, TeM caMbiM, npow3BOAMTenbHOCTb 

CKB3>KWHbl. 

so 3tot TexHimecKMiS pe3ynbTaT AocTwraeTcn TeM, mto cnocoB padcnwHUBaHmi TpemnHbi b 
noA3eMHOM nnacre coAep)KWT HarHeTaHne b nnacT >kmakoctm c pacunwHUBaioiAMM 
nanonHMTeneM, coflep>KaLHHM , no cymecrBy, Marepiian b BMAe yAnnHeHHbix Macriiu, MMeiou4i>ix 
cpopMy c oTHotueHweM AnnHbi k LUMpnHe, npeBbnuarounMM 5. 
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Yi<a3aHHbiM TexHunecKHPi pe3ynbTaT AOCTMraeTcn v\ tbm, mto cnoco6 pacicni/i HMBamin 
TpeLUMHbi b nofl3eMHOM nnacTe c noMombio paocnwHiiBaromero HanonHHTexin, CQAep>KWT Aea 
HeoAHOBpeMeHHbix aTana pa3Meu\ema b TpemnHe nepBoro pacKnHHMBaromero HanonHMTejin, 
cocTOfli^ero, no cyi^ecTBy, M3 HewieTajiniwecKoro MaTepwana, b BMfle ccpeptwecKiix HacTM4 w 
pa3Mei^eHMfi b Tpeu^MHe BToporo pacKnuHMBaiouqero HanojiHHTenn, cocToninero, no cymecTBy, 
M3 MaTepiiana b BMfle yAniiHeHHbix vacmu,, MMeiomiix OTHoweHMe flniiHbi k aKBMBaneHTHOMy 
AwaMeTpy, npeBbimaiomee 5. 

YnoMflHyrbiM rexHmecmw pe3ynbTaT AocTwraeTcn m Teiw, 4to cnoco6 niApopa3pbiBa b 
noA3eiwiHOM nnacrre coAep>KMT HameTaHwe jkwakoctm Ann rnApopa3pbiBa b rwApaBnM4ecKyio 
TpeiAMHy, co3AaHHyio b noA3eMHOM nnacTe, npunewi no wieHbinePi Mepe OAHa nopMwn wmakoctm 
Ann rnApopa3pbiBa coasp>kmt pacKHMHMBaioinMW HanonHMTenb, coAep^aiAMw, no cymecTBy, 
MaTepnan b bmas yAnwHeHHbix nacTMM MMeromiix OTHoweHMe ahmhw k OKBWBaneHTHOMy 
AwawieTpy, npeBbwiaromee 5. riopmw wmakoctii aha rnApopa3pbiBa wio>KeT nBnnTbcn kohmobom 
nopMnew. 

OTAenbHbie 4ac™i4bi wiaTepnana b BMAe yAnimeHHbix ^acTH^ woryT mnen> cpoprwiy c 
OTHOweHwewi AnwHbi k ujwpuHe, npeBbiwaiomeM 10. 

OTAenbHbie 4acrwL|bi MaTepwana b bmas yAnwHeHHbix Maoris MoryT iiwieTb cpopwiy cerwieHTa 
npoBonoiai. 

MaTepwan b BMfle yAnwHeHHbix nacTMui wio>KeT nBnnTbcn, no cymecrBy, MeTannM4ecw4M. 

MaTepMan b BMfle yAJWHeHHbix Hacrim MOweT 6biTb Bbi6paH m rpynnw, cocTonmew m 
Mtene3a, cpeppma, HH3KoyrjiepoAMCTOiS cranw, HepraBetomefi crajiM ii cnnaBOB >Kene3a. 

MaTepnan b BMAe yAnnHeHHbix MacTMM MoweT cocrofiTb M3 MenrajuwHeciaix npoBonoK, 
MMesoiAnx TBepflOCTb ot 45 ao 55 eAunnn no PoKBenny. 

OTAejibHbie MacTHL\bi MaTepnana b bma© yAnnHeHHbix qacTMij wioryT 5biTb noKpbiTbi cmohom. 

OTAenbHbie HaCTwu|bi wiaTepnana b BMAe yAnMHeHHbix HacniM wioryT wwierb nrmn/ ot 1 ao 25 
mm, npeAnoqTMTenbHo npw6nw3MTenbH0 ot 2 ao 15 mm. 

OTAenbHbie MacTimbi MaTepnana b BMAe yAnwHeHHbix 4acn<m Moryr nwieTb A^awieTp 
npn6nn3MTenbH0 ot 0,1 ao 1 mm, npeAno4TMTenbHO npn6jiM3HTenbHO ot 0,2 mm ao 0,5 mm. 

flanee w306pereHMe 6yAeT 6onee noApo6Ho onwcaHO co ccwnKaMM Ha npwnaraeMbie 
nepreym, Ha KOTOpbix M3o6pa>KeHO cneAyraLuiee: 

cpnr.1 noKa3biBaeT ycTpoficTBO Ann npoBeAeHMn wcnbrraHMfi Ha BnaronpoBOAHOcTb; 

tpnr.2 - 3aBMcnwiocTb BJiaronpoBOAHOCTM Tpeu^MHbi ot Hanpn>KeHMfi 3aKpbiTM* TpeiAMHbi npn 
ncnonb30BaHHM pacKnuHMBawmero HanojiHMTenn W3 14/20 cne4eHHoro 60KCHTa, noKpbiToro 
cMOJiofi (nyHicnipHan mnm), m pacicnMHMBaioiAero HanonHMTenn m MeTannM4ecKMX mapuKOB 
(cnnoiuHaw jimhmji); 

Ha cpMr.3 noica3aHa 3aBncnMocTb BnaronpoBOAHOcrw TpeuiiiHbi ot HanpjDKeHiiH 3aKpbiTMH 
TpeiUMHbi npw wcnojib30BaHMM pacKnMHHBaroiAero HanonHMTenn, cocToamero M3 16/30 
cne4eHHoro 6ow;MTa (un-pwxoBaa nnHMn), w pacKnuHMBaioiMero HanonHHTenn cornacHO 
HacTOJii^eMy M3o6peTeHiiio (cnnouiHan jiuhma); 

Ha cpwr.4 noKa3aHa 3aBncnMocrb npoHimaeMOCTM Tpei^nHbi ot Hanpn>KeHiw 3aKpbn"Hfl 
TpeiAMHbi npn ncnonb30BaHMH pacKnuHMBaioiuiero HanonHMTenn, cocTOJ»nero m3 16/30 
cne4eHHO ro 60KCMT3 {liJTpMXOBaJi jiwhmh), m paCKnMHMBaioiMero HanonHMTenn cornacHO 
HacToameMy H3o6peTeHMio (cnnouiHan nnHiin). 

Bo Bcex Bapwam-ax ocyiMecTBjieHwn onwcbiBaeMoro M3o6peTeHiin no MeHbiuew Mepe 4acTb 
>raiAK0CTM Ann rwApopa3pbiBa coAepjioiT pacKnwHWBaioiAMM HanonHMTenb, no cymecrBy, 
cocTonu^MM m MaTepMana b BMAe yAnwHeHHbix qacTMM, MMeiomux cpopMy c oTHoiueHMeM ahmhu 
k uiiipwHe 5onbUJMM, 4eM 5. Xotji, iok npaBwno, 3tmm MaTepwanoM 4aa\e Bcero nBnneTcn 
0Tpe3OKnp0B0noKM, APyrwe cpopMbi, HanpMMep neHTa wnw BonoKHa, MMeroi^we HenocTonHHbiiS 
AnaMeTp, TaioK© MoryT 6biTb ncnonb30BaHbi, npw ycnoBMM, 4T0 oTHomeHwe AnnHbi k 
sKBMBaneHTHOMyflMaMeTpy 6onbiiie, 4eM 5, npeAnoHTWTenbHO 6onbLue, 4eM 8, m HaM6onee 
npeAnoHTMTenbHo Sonbuje, MeM 10. CornacHO npeAno4TMTenbHOMy BapwaHiy ocy^ecTineHMsi, 
OTAenbHbie 43CTMUbi MaTepwana mmgkdt AnMHy b npeAenax npn6ni/i3MTenbHo ot 1 mm ao 25 mm, 
6onee npeAno^TMTenbHo b npeAenax npM6nw3MTenbH0 ot 2 mm ao 15 mm m HanGonee 



CrpaHima: 6 



RU 2 256 786 C2 



npeflnoHTMTenbHO npn6/iM3HTenbHO ot 5 mm ao 10 mm. npeAno4TWTe/ibHbie 3HaHeHiiH AwaMeTpa 
(mum 3kb m BansHTHoro flMaMOTpa, ecnw ocHOBaHne He KpyroBoe) b tmiiobom cnynae cocTaBnflioT 
npw6nw3irrenbHO ot 0,1 mm ao 1 mm m Haw6onee npeflnoHTMTenbHO npn6nii3MTenbH0 ot 0,2 mm 

flO 0,5 MM. nOHHTHO, MTO B 3aBMCMMOCTM OT CnOC06a npOM3BOflCTBa 06blHH0 MOP/T ©KHflaTbCfl 

5 He6onbiuMe oncnoHeHMfl cpopM, aimh m fluaMerpOB. 

CornacHo HaM6onee npeflnoHTMTenbHOMy BapwaHTy ocymecTBneHWJi HacTonmero 
M3o6peTeHiifl, yKa3aHHbiw MaTepwan nBnaeTCH, b ochobhom, MeTajuiM4ecKiiM, ho mohot 
Bicnro^aTb opraHMHecKyro Macrb, HanpuMep noKpbiTwe M3 cMonbi. ripejoinoMTweJibHbiM MeTann 
Bicnio^aeT >Kene30, cpeppMT, HH3KoyrnepoAMCTyro crarib, HepwaBeromyro cranb m cnnaBbi >Kene3a. 

10 B 3aBMCMMOCTM OT npMMeHeHMfl M, B 0CO6eHHOCTM, OT HanpflHCeHllH 3aKpb[TWH, KOTOpOe MO>KeT 

MMSTb Mecro b TpemiiHe, Moryr 6biTb ncnonb30BaHbi "Mflriaie" cnnaBbi, xot* o6biHHO 
npeflnoMTMTenbHee MeTanjumecitafl nposonoKa, MMercmiasi TBepAoorb npw6nw3WTenbHo ot 45 ao 
55 eflHHHLi no PoKBenny. 

ripoBOJiOMHbifi pacKnwHMBatoLUHM HanonHMTenb, comacHO H3o6peTeHiiio, Mo>KeT 6biTb 

is ncnojib30BaH b TeMeHne Bcefi cTaAnw pacKnMHHBaHMn v\r\v\ Ann yAepwaHMn ot cMbiKawiH TOJibKo 
MacTH Tpeu^MHbi. B oahom BapnaHTe ocymecTBneHMH cnoco6 pacKnuHMBaHiin TpemwHbi b 
noA3eMHOM nnacre BKnronaeT ABa HeoAHOBpeMeHHbix aTana pa3MeLneHMH nepBoro 
pacKnuHMBaromero HanonHMTera b TpeiMWHe, cocTonmero no cymecrBy H3 HeMeTannw4ecitoro 
Maiepnana b bma© ctpepimecKnx Macrwij m pa3MemeHHfl BToporo pacKnMHMBaioinero 

so HanonHWTejw, cocTOflinero no cymecTBy na MaTepnajia b BWAe yAnwHeHHbix Hacmitj, iiMeromero 
oTHomeHMe ahmhw k aKBMBajieHTHOMy AwaMeTpy, npeBbiiuaroiAee 5. rioA HeMeTann MnecKM m 
MaTepnanoM m ccpepuMecKnx MacTim noHMMaeTCH mo6oi4 o6bNHbifi pacKnuHMBarou^ufi 
HanonHMTejib, xopoiuo w3BecrHbiw cnei^anMCTaM b o6nacm ruApaBnMHecKoro pa3pbisa nnacra 
m coctojummm, HanpHMep, m necKa, KpeMHe3eMa, cwrreTHHOCKMx opraHW4ecKwx Hacrou, 

25 cTexiiflHHbix MMKpoccpep, KepaMMKii, coAep>KaiAeM anioMocMniiKaTbi, cneHeHHbifi Sokcmt m mx 
CMecu, unw AecpopMiipyeMoro cbinyMero MaTepwana, Ka« onwcaHO b naTeHTe CUJA NQ6330916. B 
ApyroM BapwaHTe ocymecrBneHMfi npoBonoHHbiw pacKnwHUBaioiAiiM HanonHMTenb ToribKo 
AoSaBnneTCR k nopMMM wmakoctm Ann niApopa3pbiBa, npeAnoHTHTenbHO KOHqeBofli nopLjMM. B 
o6omx cnyHaax, npoBonoMHbiCi pacKnMHMBawmwPi HanonHMTenb, cornacHo M3o6peTeHnro, He 

30 cMeiuMBaeTcn c o6bWHbiM MaTepuanoM m MaTepwanoM paacnuHMBaioiJuero HanonHMTenn 
TpeiAMHbi utim, ecnw cMeiuiiBaeTCfli, to o6bWHbiw MaTepwan cooraBnueT He 6onbiiie, 4eM 
npM6nn3MTenbHO 25% no Becy ot BceiS CMecu pacicnMHiiBaioiMero HanonHWTenn TpeiAMHbi, 
npeAno4TMTenbHO He 6onbiue, neM 15% no Becy. 

KaK yKa3aHo Bbiiue, cornacHo npeAnoHTvuenbHOMy BapwaHTy ocymecTBrieHMfl, 

35 pacKJiHHM BaioiAM m HanonHMTenb, no cyiAecrBy, coctomt m MeTannnMecKwx wacTuq. 3to co3AaeT 
yHMKanbHyro B03M0>KH0CTb oi^eHHBaHHfl TpeiMMHbi npi/i6opaMM KapOTa>Ka conpoTWBneHMn, 
aneiapoMarHMTHbiMM ycTpoticTBaMM w cBepxAnwHHbiMM peiueTKaMii a/ieicrpoAOB, o6ecne4MBaeT 
B03MO>KHocTb npoCToro onpeAeneHMJi BbicoTbi TpemnHbi, BMeiAaromew pacicnMHMBaioiAnii 
HanonHMTenb, iniipMHbi TpeiAWHbi, a nocne o6pa6oTKii coSpaHHbrx AaHHbix, ao HeKOTopofi 

40 cTeneHii, Mo>KeT 6biTb onpeAeneHa Annna pacicnuHeHHOii TpeiAMHbi. 
Bbinn npoBeAeHbi cneAyiouL\Me aKcnepwMeHTbi. 

npn6op An* M3MepeHMfl npoBOAMMOCTM TpemnHbt coctomt M3 npecca c Harpy3KOM 125 000 
cpyHTOB c aBTOMaTM4ecKMM HanopHbiM niApoycMnnTeneM m moamcJjm L(MpoBaHHOM jineMKM 
npoBOAMMOGTM M3 xacTenofl (cnnaB Ha ocHOBe HMKenn c Ao6aBneHMeM pa3nM4Hbix MeTannoB 
45 pjm AeTanePi xMMUHecKoro oSopynoBaHun) AMepwitaHCKoro HecpTfiHoro MHcrnTyra c icaHanoM 

ABlDKeHMOT KMAKOCTM B 12 AHJHM 2 <CpW\1). 

CepAewHMK 1, cocToniAMfi M3 Asyx nonycepAe4HHKOB 1' n 1", noMeiAeH b A4eCiKy 2 
npoBOAMMOCTM, pacnono>KeHHyio b paMe 3 npecca, npuBQAWMofi b AeficTBwe cwnoBbiM npuBOAOM 
4. Me)KAy nonycepAeHHMKaMM V n 1" b npowe>KyTOK 5, Koropbiw MOAenMpyeT TpemiiHy, 
so Ha5nBaeTCfl pactcnHHMBaiOLUMM HanonHMTenb. TeMnepaTypa ^4eCiKM 2 npoBOAMMOCTM 
peryjiwpyeTCfl HarpeBaeMbiMM nnwTaMw 6, KOHTaKTwpyioiuMMM co CTopOHaMM mvhw. 

>KnAKOCTb pjvn raApopa3pbiBa totobhtch CMeuiMBaHiieM ryapOBofi CMonw M3 pe3epByapa 7 c 
ryapoBoPi cmojioR c conJiHbiM pacTBopoM m pe3epByapa 8 c con«HbiM pacTBopoM b 
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qempa6e>KHOM Hacoce 9. Kpowie TOro, ycrpoficTBO BKmonaeT b ce6* TpeTufi pesepByap 10 ana 
xpaHeHMii, Hanpniwep, KwcnoTbi. Cwiecb npoxoAMT flanee nepe3 HarHGTaTeribHbie Hacocbi 11 m 
QflBuroByro nemro 12. MoweT 6biTb flo6aBJieH tpopMiipoBaTenb 13 nonepeMHbix cBfl3eCi. npouecc 
meuimanun oTcnexiiBaeTcn BRavime 14 wiaccbi nepeA npoxoMweHwew Mepe3 MOAeni/ipywiAee 

5 ycTpoftcTBo 15 Koxineicropa, b kotopom ropwaa HecpTb u.iipi<ynwpyeT qepe3 KnanaHbi 16. 

XpowiaTorpacpM4ecKne Hacocw 17 wcnonb3yioTCfl ajth 3aKamiBaHMJt connHoro pacrBopa b 
meviw/ b TeMSHwe M3MepeHnw o6paTHoro ABwweHwn w npoBOfliiMocTM. Hacocw 3acacbiBaioT 
6ap6oTwpOBaHHbiPi a30TOM coji5)hom pacTBOp 2% KC1 M3 pe3epByapa 18 o6paTHoro abmikghmji 
ewiKOCTbio 100 rannoHOB. Cojihhom pacTBOp 6ap6oTwpyeTcn a30TOM pjna npeflOTBpameHwn 

10 BBefleHMB MeTannwHecKnx okwcjiob b 3amaflKy paocnMHUBaioiAero nanonHMTena. npe>KAe Mewi 
BB6CTM cojihhoPi pacrBop b fiMSMKy 2 npoBOflMMOCTM, era nponycKaHDT nepe3 ycrpoiicTBO 15, 
m m MTupy iomee Korineicrop, m cucieMy 18 HacbimeHMH kpgm H636M om . 

flaiHWKM naBneHiin Rosemount (He noKa3aHbi) wcnonb3yioTca Ana M3wiepeHiw p&&neHw\ 
cMCTSMbi h nafleHMB flaaneHun Bflonb flnnHbi TpeupiHbi. Yctpowctbo no3BOJiaer nonynnTb 

15 MaKCMManbHoe HanpflweHwe 3aKpbiTWJi, paBHoe 10000 cpyHT/AfowM 2 , m wiaKCMManbHyio 

Tewinepaiypy, paBHyio 350°F. npeo6pa30BaTejin ycraHOBneHbi no seprwio/iM c jiwhwjimm 1/8 
flKJMM (T.e. jinHHAMM c AMaMeTpoM 0,125 fliofiMa wnw 3,175 mm) m npoBepeHbi MaHOMeTpaMM Ha 
T04HOCTb Arm oflHorofliOMMa BOflbi. |4ncppoBofi KaBepHOMep (He noKa3aH) ncnonb3yeTCfl ajw 
M3MepeHnn uiwpMHbi pacKpbiTMH TpemwHbi. npn6op MO>KeT onpeAemub kbk npoBOAMMOCTb 

20 pacicniiHMBaroaiero HanonHMTerw, tbk m KMCJioiHyio npoBOAMMOcTb. 

3to ycTpoficTBO onwcaHO b pa6oTe Navarrete, R.C., Holms, B.A., McConnell, S.B., 
Linton, D.E.: "Emulsified Acid Enhances Well Production In High-Temperature Carbonate 
Formations", SPE 50612, 1998 SPE European Petroleum Conference, The Hague, The 
Netherlands, October 20-22, KOTopaa BKniOMeHa b HacroHinee onwcaHwe nocpeACTBOM ccwnKii. 

25 OcHOBHan npoHML|aeMocTb 3aKnaAKM Mwcroro paaaiiiHHBatomero HanonHiiTerm M3wepjinacb b 
ropn30HTanbHOM TpemwHe c TpeMJi 3HaHeHiinMM HanpflweHHa 3aKpbrmH, paBHbiMM 3000, 6000, 
9000 cpyHT/AKJMM 2 . npoMeAypbi ocymecrBnanticb cneAyrotuMM o6pa30M. 

a) CepAeMHMKM repMeTW3wpoBanncb b BbicoKOTeMnepaTypHOM cwimkohobom KaynyKe Ha 
ocHOBe Knew-repMeTMKa, BynKaHH3npyKHMeroca npw KOMHaTHOw TeMnepaType, flrw oSecneHeHwn 

30 M3orwiHMOHHoro cnofi Me>KAy cepAeMHwowii h creHKaMH mewm npoBOAMMOCTw. 

6) CepAeHHMKM saicyyMiipoBanMCb nponiiTbiBaHiieM 2% KC1, m hk>khmm cepAeMHMK 6bin 
3arpyjKeH b w^efiKy npOBOAWMOc™. 

b) PacKnuHMBatoiAMM HanonHMTenb 6bin BpyMHyio 3acbinaH b jwewKy npw AaBneHww 3aKpbiTMfl, 
paBHOM 2,0 cpyHT/Atofiivi 2 n BbipoBHeH HOHceBbiM ycrpOMCTBOM pjw o6ecneMeHMfl paBHOMepHOTO 

35 nOKpbiTMJl. 

r) BepxHHM cepAeMHMK 3arpy*ancfl b HHePiKy, w k 3annaAKe pacKnMHMBarou^ero HanonHMTerw 
npiiKjiaAbiBanocb AaBneHwe 3aKpbmvra, paBHoe 1000 cpyHt/AioiiM 2 . CwcreMHoe o6paTHoe 
AaBneHiie 6bino ycraHOBneHO b pa3Mepe 100 cpyHT/AiowM 2 , w 3araiaAKa pacioiMHiiBaioiAero 
HanonHMTenn nponiiTbiBanacb 2% (BOAHbiw) pacTBopoM KC1, BBOAMMbiM co CKopocrbio 1 

MJl/MMH. 

A) nocne nponwTbiBaHMH pesynbmpyjomee AasneHMe 3aKpbiTMf[ noBbnuanocb ao 3000 
cbyHT/AKMM 2 co crapocTbio, paBHoti 300 cbyHT/AK>SiM 2 B MMHyry, a TeMneparypa iicnuTaHMfl 
noBbimanacb ao 300°F b TeneHwe Aayx qacoB. 
45 e) ConsHoCi pacTBOp npoieKan nepe3 3aKnaAKy b TeneHne 4 hbcob co crapocTbio 4 mjt/mmh 
npw pe3ynbTnpyromeM AasneHwn 3aKpbiTnn, paBHOM 3000 cpyHT/AKiMM 2 , m TeMnepaType, 
paBHOfi 100°F. 

>k) Cnycrfl 4 Maca npeo6pa30BaTenu oSHynnnwcb, M3MepHnacb uiupwHa pacKpbiTwn TpemwHbi 
m onpeAenflJiacb npoBOAMMOCTb npw BBeAeHww 2% boahoto pacTBopa KCI co CKopocrbio, 

SO paBHOM 6, 8 M 10 MJl/MMH. 

3) HanpaweHwe 3aKpbiTM* noBbimanocb ao cneAyromero ypOBHH Co cKopocrbw 300 
cpyHT/AiowM 2 b MMHyry m aTanw e) w »<) noBTOpHfiMCb. 
flpMMep 1. 
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riocKO/ibKy 6ojibiuMHCTB0 o6wiew3BecTHbix padciMHHBawu^Mx HanonHMTeneR M3roroBneHbi 113 
necKa mjim KepaMUKM, to nepBoe iicnbiTaHiie npoBefleHO Ann cpaBHeHi/ra paacnMHMBaK>mero 
HanojfHM.Te.nn , M3rOTOBneHHoro 113 MeTannnnecKnx ujapuKOB, BbinonHeHHbix 113 HepwaBetomeM 
CTanw SS 302, MNieromiix cpeflHMPi flwawieTp npn6nM3i/iTejibHo 1,6 mm, c nposonoMHbiM 

5 pacicnMHiiBaroinMM HanojiHwreneM, M3roTOBn6HHbiM Hape3aHMeM >Kene3How 6e3 noKpbtrufi 
npoBonoKM M3 HeparaBeioLneii cram SS 302 Ha oTpe3KM c ahiihom npw6nM3HTenbH0 8 mm. 
npOBOJiOKa MMena flwaMeTp npM6riM3MTenbHO 1 ,6 mm. 

PacKHMHMBaiou^MM HanonHMTerib 3aKnaflbiBa/icn Me>Kny flByMfi nopoAHbiMM nniiTaMu 
necnaHMKa W3 Oraifo b ycTpoiScrBe ahh H3Mep6Hnn hpoboammoctm Tpem,wHbi m noflBepraJicsi 

10 craHflapTHOMy McnbiTaHMio Ha npoBOAHMOCTb 3Skt\bp,ksa pacKnuHMBaromero HanonHMTejw, Kate 
onncaHO Bbiwe. 3KcnepnMeHTbi ocyiAecTBnnnwcb npw TeMnepaType, paBHofi 100°F, 3acbinKe 
pacicniiHMBaioinero HanonHWTena npw flaBneHnn 3aKpbrrnfl, paBHOM 2 cpyHT/AiofiM 2 w Tpex 
Ha npji>KGHMfix 3aKpbiTMfl: 3000, 6000 m 9000 cpyHT/flioKwi 2 (npM6nii3MTenbH0 20,6, 41,4 m 62 
MHa, cooTB&TCTBeHHo). Pe3yjibTaTbi npoHMnaeMocni, aiwpMHbi pacKpbiTun TpemnHbi w 

15 npoBOAMMocTM cranbHbix ujapuKOB m npoBonoKM, npeflcraBJieHbi b Taennqe 1 . 





HanpSDHBHHB 3aKpblTMH (<pyHT/flK>HM 2 ) 


flpoimseMOCTi. (flapcH) 


PacKpbrme Tpa^MHb! (aiomm) 


npOBOAMMOOTh 

(MflapcM-tpyr) 




npoBonoKB 








npoBoncnta 


3000 


3,703 


10,335 


0,085 


0,119 


26^32 


102,398 


6000 


1,077 


4,126 


0,061 


0,095 


5,472 


33,060 


9000 


705 


1.304 


0,064 


0,076 


3,174 


B.249 



npoBOflMMOCTb nBnneTCfl npOM3BeAeHueM npoHiii^aeMOCTH (b MMJinnflapcn) m pacKpbiTMR 
Tpeu4MHbi (b cpyTax). OneBUflHO, hto ncnonb30BaHne np0B0n04Horo pacsnwHUBaioinero 
25 HanojiHMTejifl nymue, weM MeTannwnecKoro ccpepwnecKoro paaawHi/iBarouLiero HanonHMTensq. 
npHMep 2. 

Bo BTopOM McnbiTaHnw MeTanni/mecKwe iuapwa/1 M3 npMMepa 1 cpaBHiiBaniicb co cneneHHbiM 
60KCMTOM 14/20, coAepwamwM, no MeHbUjew Mepe, 90% HacroLi, c pa3MepoM ot 850 ao 1400 
mhkpoh, npw 3tom 14 Mew 03Ha4aeT 1400 mmkpoh, 20 Mem - 850 MWKpOH. Oi/ir.2 jmrweTcn 
30 rpacpMKOM 3aBiiCMMOCTM npoBOflHMOCTM ot Hanpjq>iceHi/m 3aKpb[TMSi, rfle flaHHbie Ann 
MeTanjiimecKMx ujapuKOB npeAcraBneHbi cnnouiHOW jiMHwew, a cpaBHMTenbHbie AaHHbie c 
SoKCMTHbiM pacicniiHMBaioiniiM HanonHMTeneM npeAcraBneHbi nyHKTwpHoPi nHHitew. 

Hpil HM3KOM HanpjDKeHMM 3aKpblTMfl (MeHblLie, 40M 3000 CpyHT/AfOMM 2 ) npOBOAHMOCTb 

cxoAHafl, oAHaKO npoBOAMMOCTb cTanbHbix ujapuKOB 3Ha4WTenbHO noHi/i>KaeTCJi c yBenweHweM 
HanpHHceHMA 3aKpbnvm. npeAnonaraeTcn, mto HUSKan npoBOAMMOCTb Bbi3BaHa AayMH 
npuMMHaMM. Bo-nepBbix, b pe3ynbTaTe BbicoKOM nnoTHOcru MaTepnana lunpnHa 3ai<naAKM 
pacicnuHMBaioinero HanonHHTenn mrwercH oneHb ManeHbKow, Korapajq flBnneTcn npiiHMHofi 
noHiweHMfi npoBOAMMocTM. Bo-BTopbix, b pe3ynbTaie TBepAoc™ MaTepwaxia CTanbHbie niapwiai 

m rny6oKo BHeflpjiroTCfl m co3AaioT cymeciBeHHoe KoniwecTBO MejiKwx cppaKMMM. 3aKnaAKa 

pacicnMHMBaioi^ero HanonHMTena HapytuaeTCT MenKHMn cppaKMiinMn, a BKpanneHiw coKpamaioT 
ujiipiiHy 3aKnaflKM. TBepAOdb pacKniiHMBafoinero HanonHMTenn aBnneTCfl 6riaronpMMTHoPi A"^ 
npoBOAMMOc™ 3aicnaflKM, nocKonbicy Kpenicufi pacKnuHUBafouiufi HanonHwrenb cnocoGeH 
BbiflepsoiBaTb Bbicoraie Hanpn>KeHMn 3aKpbnrnn. Oahbko ecnn TBepAOCTb pacunnHMBaroiAero 

45 HanojiHMTeniq 3HamrrenbHo npeBbiiuaeT TBepAOCTb nnacra, to pacKniiHMBaioiMMM HanonHMTenb 
MO)KeT Bbi3BaTb cepbe3Hoe noBpe^enne noBepxHocTM nnacra, npoHMKaa b nnacr, m no^BneHiie 
MejiKwx (ppauMMii b pe3ynbTaTe Apo6neHMH nnacTa m yMeHbtueHne npOHimaeMOCTM 3aitnaAKM. 
BitpanneHHfl nBnnioTCJi 6onee omyruM hmm npii BbicoKMX HanpjweHMnx 3aKpb]TMfl, 4T0 m 
o6-bncHfleT, noneMy npoBOAMMOCTb 3HaHMTenbHo noHn>Kanacb c yBennneHneM Hanp^DKeHra 

x 3aKpbITMfl. 

KpoMe Toro, BjiMflHwe na BtcpanneHwa OKa3biBaeT AwaMeip ccpepMHecKwx MacTMLi 
pacKnwHWBaioinero HanonHMTerw. PaocnuHMBaioinMM HanonHMTenb c nacTrnjaMM 6onbiiioro 
AHaMeTpa MMeeT OTHocnTejibHO Mano ToneK KOHTaicra c nxiacTOM. PlosTOiuiy, MMeeTcn oneHb 
BbicoKaii cocpeAOTOMeHHan Harpy3Ka Ha nnacT. KorAa npwunaAbiBaeTCjq HanpflweHiie, BbicoKaa 
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cocpeflOT04eHHan Harpy3Ka Bbi3bisaeT pa3pyuieHne nnacTa. FIoBepxHocTb cepflenHMKa, 
noABepraBUjancn bo3AB^ctbmio pacKnuHMBawmero HanonHWTena m cTanbHbix uuapuKOB, 6bina 
CMjibKO noBpe>«fleHa nocne aKcnepMNiem-a, m Ha6nroAanocb 6onbiiioe KonimecTBO wienKMX 
cppatqwiS. 
5 npiiMep 3. 

PacicnuHHBatoLijWM HanonHMTenb 6bin waroTOBneH pe3aHiieM >Kene3Hoft 6e3 noKpbiTwn 
npoBonoKM Ha 0Tpe3KM ajimhom npH6nM3MTejibHo 0,375". ripoBonoKa Hiuena flMaMeip 0,02". 
3ia npoBonoica 6bma noMeu^eHa Me>KAy ABywia nopoflHbiMw nnnTawin necnaHiiKa m Orawo b 
ycrpoHcTBe Ann M3MepeHMJi npoBOAMMOCTW TpeunMHbi w noABepxceHa cTaHflapTHowy McnbrraHwo 

10 Ha npoBOflMMOCTb 3aKnaAKM pacKnwHWBaioiAero HanonHMTenn, iok onwcaHo Bbime. PacneTHan 
npoBOAMMOCTb cneneHHoro 6oKcwTa 16/30 coAepwauiero, no MeHbwew iwepe, 90% sacroi4 c 
pa3MepoM ot 600 ao 1 180 mmkpoh, npw stom 16 n/tew cooTBeTCTByeT 1 180 mmkpoh, 30 Mew - 
600 mmkpoh, cpaBHMBajiacb c npoBOAMMOCTbfo npoBonoMHoro paaoiwHUBaioiAero HanonHMTenb. 
Oh 6bin Bbi6paH noTOMy, mo oh flBJineTCfl paatnuHMBaroiAMM HanonHMTenewi c Hawnymuew 

15 npoBOAMMOCTbio, perynnpHO wcnonb3yeMbiM b npoMbiujneHHOcm 

Pe3yjibTaTbi aKcnepuwieHTOB Ha npoBOAMMOCTb c 3acbinKofi npn AaeneHMM 3aKpbmiH, paBHOM 
2,0 cpyHT/AH)MM 2 , BHeceHbi b Ta6nwMy 2. 

d>nr.3 yiBjiHeTcn rpacpMKoiw pe3ynbraTOB w MnnrocrpwpyeT cpaBHeHwe npoBOAwwoc™ wie>KAy 
cne^eHHbiM 6okcmtom 16/30 (nyHicnipHan nwHMn) m npoBono4Hbiiw paacnHHUBarou^wM 

20 HanonHMTenew {cnnouiHafl nMHwn). KpoMe toto, no npomo3y, Ha cpwr.4 6bin nocrpoeH rpacpiiK 
6a30Boro 3HaweHMJ5i npoHMi^asMocTii 3aKnaAKM pacifnwHMBaioiAero HanonHMTens m cneneHHOro 
BoKCwra 16/30, rAe nyHKrwpHafl nMHiw noKasbmaeT CTaHAapTHbiM cne46HHbiB 6okcmt, cornacHO 
ypoBHfo TexHMKM, a cnnouiHafl jihhmh - npoBono4Hbii?i pacKnuHMBaroiAMfi HanonHMTenb, cornacHO 
M3o6peTeHMto. Pac«neTbi npoHML|aeMoc™ w npoBOAwwocTM cne^eHHoro 6oKCMTa Sbinn cAenaHbf c 

25 ncnonb30BaHneM nporpawiMbi PredictK (Ha3BaHne PredictK a^ho Stim-Lab), KOTopaa 

paccHMTbiaaeT npoHM^aeMocTb m npoBOAMMOCTb 3aKnaAKw pacKnnHMBaioinero wiaTepwana, Kaic 
cpyHKi4MK) ot Tuna pacKHHHMBaioiAero HanonHHTenn, pa3iwepa, rpaHynoMeTpw4eci<oro cocTaBa, 
KOHi^eHTpamiM, Hanp«>KeHMii saKpbmwi, Teiwnepaiypbi n wiexaHWHecKiix cbomctb ropHOvi nopoAbi. 
PacneTbi 6a3MpyioTCfl Ha cothhx aKcnepuweHTOB no npoBOAMNiocTM, BbinojiHeHHbix 

3D Jia6opaTOpMflMM CplipM, 06cny>KMBaK)lAMX CKBa>KMHbl, M pa3nM4HblMM HSCpTflHblMW M 

cneL|nanii3iipoBaHHbiMM o6cny>KMBaK)iAMMW KowinaHMJiMM. Omgbmaho, 4to npOBono4HbiiS 
pacioiMHMBaioiAMiS HanonHMTenb npeBoexoAMT cneMeHHbiCi 6okcht 16/30 c cymecTBeHHbiM 
3anacowi npn 3000 tpyHT/AtofiM 2 . ripw BbicoKOM Hanpn>KeHiiii 3aKpbiTiw npoHiii^aeiviocTb 
npoBonoKM cpaBHMtenbHo 6onee Bbicoxan, neiwi y 6oKCMTa TOnbKO noTOMy, mto nji/ipwHa 

35 3aicnaAKM npoBonoMHoro pacKnMHMBaromero HanonHMTejifl mhoto wieHbiue; npoBOAMMOCTb 
3aicnaAKM npOBonoMHoro pacKfiHHMBaioinero HanonHMTenb wieHbiije, 4eM 6oxcMTa. 3tot MnrKnw 
«cejie3HbiM wiaTepnan npoaBxmeT npewMyiAecTBO Heccpepn4ecKoro padcnwHUBaraiAero 
HanonHMTenn npM hm3kom HanpjwKeHMM pacKpbiTH^, ho TaioKe mintocTpwpyeT, 4to Ba>KHb[ m 
Apyme cBOMCTBa, a He TonbKO cpopiwa. flnn BbicoKoPi npoHMLiaeMoc™ npn BbicoKOM Hanpfl>K6HMM 

40 3aKpbiTiiii TBepAbiw wiaTepwan HBnneTca npeAno4TMTenbHbiM. 
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TaBnMMa 2 




Hanp™enne aaKpbiTMfl Ofeywr/sioiiM 2 ) 


3D00 


6030 


9000 


CnmeHHuH Bokcht 16/30 


npoHHiiaeMOJTh (flapsw) 


768 


678 


551 


PacttpbiTMe ipeu|MHbi (afomh) 


0,1374 


0,1769 


0,1663 


DpOBOflHMOCTb (MflapCH-Cp/'') 


11932 


9995 


7634 


npoeonoKa aroma 0,3757 flnai*aTp 0,02" 


HpoHMtiaeHocTb (qapBM) 


2336 


1452 


458 


PacHpuTMe Tpe^HHu (woBm) 


0,039 


0,071 


0,060 


npoBOfiMMOOTb (»WapCM-<pyT') 


21773 


B5B9 


2288 



Bbino ycraHOBneHO, 4to npoBono4Hbii4 pacicnMHUBaioiAMM HanonHMTenb MM99T 6onbUjyio 
nnoiAaAb noBepxHOc™ b KOHTaicre c napy>KHo£i noBepxHocTbio TpeiAMHbi, neM pacKnMHMBaroiiiMCi 
HanonHMTenb b BMAe ccbepM4ecKiix <nacTMLt. TaKMM o6pa30M, npOBono4HbiM pacKnwHMBaioiAMM 
HanonHMTenb uwen npenarcTBOBaTb my6oKOMy BKpanneHwro b HapyjKHyro noBepxHOCTb 
TpeiAMHbi, TaK KaK npnno>KeHHan cwna pacnpeAenneTcw no Sonbiuow nnoiAaA" noBepxHocTM. 
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Kpoiwe Toro, 6bino ycraHOBneHO, hto, no-BMflMMOMy, 6yAeT MMeTb luiecro BbicoKan nopvicTOCTb 
3aKnaflKii, mo CBM/jsTenbCTBOBano 6onbtiJMMM nnoinaflflMM BAOJib BHewHeR noBepxHOCTVt 
TpemwHbi, rfle aSconiOTHO He wwieno Mecra HMKaKoro BKpanneHiw pacicnwHMBarOLnero 
HanonHMTenn. 3to Ha6niofleHMe noKa3biBaeT, hto 3aicnaAKa pacicniiHiiBaioLnero HanonHMTerm 
coflep>KMT MHoromicneHHbie nycTOTbi, KOTOpue OTcyTCTByroT b 3aicnaflKe pacKnuHMBaromero 
HanonHMTenn b BMfle ctpepHnecKnx qacTMi^. 3tm MHoronwcneHHbie nycTOTbi 6yflyT 
cnoco6cTBOBaTb bucokum 3HaHeHMflM npoHH LjaewocTM . Kpowie Toro, npoBono^HbiCi 
pacKnuHMBawiMMii HanojiHMTenb, BepomHO, AoraceH MiweTb o^eHb xopowyio craGnnbHocTb 
3annaAKw pacwiiiHMBaioiUMX HanojiHWTenei* w waxer He McnbiTbiBaTb npo6jneM, CBH3aHHbix c 
o6paTHbiM flBM>K9HneM pacKnnHMBaHJU4ero HanonHi/rrerm, mto wwieeT Mecro, Hanpi/iwiep, b cnynae 
pacKniiHMBaioi4iix Hano/iHMTenew b sufle ccpepHHeciaix HacTWij. 

nocjie Toro itaKaTo nepBoe y6eAMTenbHoe wcnbiTaHiie noKa3ano, hto MeTannwHecKaH 
npoBonoKa Mo>KeT 6biTb ncnonb30BaHa una 3aMeHbi craHflapTHoro pacicnMHMBaioinero 
HanojiHMTenn, 6bmw npoBefleHbi HOBbie wcnbuaHiw flnn iiccneflOBaHun bjimhhiih pa3JiMHHbix 
napawieTpoB, t3kmx KaK HOMep npoBonoKM, TBepflocTb, noKpbrrae, AniiHa m flnnTe/ibHocTb 
BosflewcTBiin HanpHHteHMfl. Bee oKcnepuwieHTbi SbiJiM npoBefleHbi npn 100°F, 3acbinKe 
pacKnuHMBaioiAero HanonHWTena 2 cpyHT/AKDfiM 2 . Kpoiwe tofo, 3TM pe3ynbTaTbi cpaBHMBaniicb 
c TpaflMMMOHHbiM BbicoKonpoHHbiM pacKnMHMBaioinMM HanonHmeneM Carbo HSP (cneHeHHbiR 
6okcmt 16/30). 

npiiMep 4. Kanw6p npoBonoKM 

3KcnepMMeHTbi 6binn npoflenaHbi c npoBonoxoR 302 SS AnwHoPi 0.25", KaniiSpa 26 (0.016") 
h Kann6pa 31 (0.009"). PesyjibTatbi McnbuaHnK npeflcraBneHbi HM>Ke b Ta6nni4e 3. 



Kann6p 31 (0,009"') 



Karoi6p 26 (0,016") 



OTHOCMTenbHO bjimahmh Kajin6pa npoBonoKM Ha npOHnqaewiocTb w npoBOflMMOCTb wioryr 6biTb 
cflenaHbi cneAywi^ne BbiBOflw. 

ripoHM LfaeMOCTb 3aKnafiKM Ann npoBonoKM 302 SS ywieHbLuaeTcn c AMaiueTpoM npOBonorai. 

lilnpnHa TpeiAMHbi ahh npoBonoKM c weHbiuiiM flwawieTpoM 6onbwe. Pa3Hocrb ujwpiiHbi 
6onbiue npw hm3kmx HanpnaceHMnx 3aKpbiTMJ3. 

ripw HM3KOM HanpjDKeHMii (3000 cpyw/fliofiM 2 ) saioiaAKM M3 npoBonoKM Manoro AwaMeTpa k 
6ojibiuoro AwaMeTpa wwieioT cxoAnyro npoBOAMMOCTb. npw cpeAHewi (6000 cpyHr/AioflM 2 ) u 
BbicoKOM (9000 cpyHT/AioCiM 2 ) HanpHXceHMJix pacKpbiTiw npoBonoKa c 6onbiutiM AMawieTpoM 
o6ecne<HHBaeT 6onee BbicoKyro npoBOAMMocTb. 

B cpaBHeHMM c pacKnwHMBaroLUMM HanoriHHTeneiw 20/40 Carbo HSP, coAepwaijqeM, no 
wieHbwew Mepe, 90% naori^ c pa3Mepoiw ot 425 mmkpoh ao 850 mukpoh, npn otom 20 Mem 
co OTBeTCTByeT 850 mukpohsm, 40 weuu - 425 MMKpoHawi, KaK noKa3aHo Hn>xe b Ta6jiwi^e 4, 
npOHMi^aeMocTb » npoBOAHiwocTb npoBonoKM 6onee BbicoKwe. Oah3ko uiMpwHa TpeinnHbi c 
npoBonoHHbiM pacKnMHMBaioiAMM HanonHMTeneM MeHbiue npM paBHOL(eHHoPi sacbinKe 2 

CpyHT/AKliflM 2 . 









mmsnt. 20/40 Carbo HSP 


HanprnteHwe paoupwwn (tpyKr/flioKm 2 ) 


npoHi^aeMOCTb (flapcn> 


npOBOAHMOOTb (MflBpOM-liVT) 


UJwpUHB TpeillHHh! (flKlJiH) 


3000 


ATS 


71 6B 


0,16 


6000 


435 


6163 


0,17 


9000 


353 


4730 


0,161 



npMMep 5. TBepAOCTb npOBOJlOKW 

Bbinn npoBeAeHbi aKcnepniweHTbi c npOBonoKow m AByx MaTepwanoB: 302 SS (TBepAan) w 
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HM3KoymepoAncran cra/ib (winnon) npw 3acbinKe paacriMHiiBaioinero NiaTepwana 2 
4>yHT/flioRM 2 . Pe3ynbTaTb( McnbiTaHMM npuBefleHbi HM>Ke b Ta6jini4e 5. 
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npOHiinaeMOCTb (flapcw) 


npoBCflHHocTt (MflapsM-tjyr) 


LUwpHHB TpeiMHHU (flioiiwi) 




HMaKoymepoflHcrasi. danb 


KarmBp 
26 

SS302 


Kann6p22 
HUSKoymepoflMCTaH. 


KarwBp 
26 

SS302 


Kann6p 22 
HMaKoyrneponMCTOB. 


26 ^ 


3O0D 


2936 


205B 


21773 


15524 


0,089 


0,090 




1466 


176B 


B676 


11691 


0,071 


0,079 




433 


1493 


2256 


8644 


0,063 


0,069 



Ebinw oqenaHbi cneflyKni^ne BbiBOflbi 

M^rKan npoBOJiOKa wweer 6onee BbicoKyio npoHML(aeMOCTb m npoBOAMMocrb npH HM3KOM 
Hanpn>KeHiiM 3aKpbrrwfl (BepoaTHee Bcero noTOiuiy, hto sto 6bina npoBonoKa MeHbwero Kann6pa, 
to ecTb c 6onbiuMM flMawieTpoM), 
15 npOHMMaewocTb h npoBOflWMOCTb MJirKoR npOBODOKM 3Ham/iTSJibHO noHiDKaracb c 

yBejiiiHeHwewi HanpjwceHwn 3aitpbiTMfl. TBepAaa npoBonoica coxpaHnna cboio npOHMMaewiocTb w 
npoBOflMMocTb Ha cymecTBeHHo 6onee bwcokom ypoBHe, new winrKan npoBonoKa. 

B cpaBHGHMii c 20/40 Carbo HSP (cm. Ta6nwny 4), 3aicnaflKa pacKnwHiiBaromero HanoiiHWTejin 
M3 MflrKofi npoBonoKM nweeT HaMHoro 6onee BbicoKyio npoHMi^aewiocTb m npoBOfliiwiocTb npii 
20 HM3KOM HanpfDKeHMii 3aKpbiTHfl. TBepAaa npoBonoKa noAfl,ep>KMBana 6onee BbicoKyio 

npoHMuaewiocTb m npoBOAnwiocTb, 4ewi 20/40 Carbo HSP npw Bcex Hanp^eHunx 3aKpbiTiw. 

npMMep 6. noKpbiTiie npoBonoKM 

3KcnepnMeHTbi npOBOAMrmcb c MarcoSi cranbHofi npoBOJiOKoH KajiuBpa 22, c noKpbrrneM m 
6e3 Hero npw 3acbinKe pacKnMHMBaroinero HanonHWTejra 2 cpyHT/flrofiM 2 . Pe3yjibTaTbi wcnbrraHnii 
& npiiBeAeHbi HM»ce b Ta6nwi^e 6. 
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Ta6r»ma 6 




npoHHqaeMC 


«m> (naptw) 


npOBOflHMOCTb 


(MflapcM-OiyT) 


UJMpMHa ipau 


s/mtx (WDfiH) 


Hanpraemie aaiipbnvin ($yiffr flioiiM 2 ) 
3000 


Eea noKpbmw 
2936 


C noKpbrrneM 
672 


Eea noitpbiTMa 
21773 


4841 


0,089 


0,087 


6000 


1466 


431 


6676 


2894 


0,071 


0,080 


9000 


433 


227 


2256 


1334 


0,063 





Bbinw cftenaHbi cjieAyfoinne BbiBOAbi. 

npoBonoKa c noKpNTweiw oSecnemiBana 3HaHMTeribHo wieHbinyio npoHML|aeMOCTb m 

35 npOBOflHMOCTb. 

npoBonoKa c noKpbrrneM wviena 6onee BbicoKyio LUMpMHy TpemHHbi. 

nonocTM nop 3aKnaflKM pacKnuHMBaroiMero HanonHiiTerm pa3pyiuanMCb MaiepnanoM 

nOKpblTW). 

npMMep 7. flnwHa npoBonoKM 
40 Mflncan CTanbHan npoBonoKa c noKpbinieM 6bina ncnbuaHa c AayMfl pa3nnHHbiMM AnHHaMM 
0,5" m 0,2" npn 3acbirrKe pacKnnHUBaioinero HanonHmena 2 cpyHT/AiowM 2 . Pe3ynbTaTbi 
wcnbiTaHMM npnBeAeHbi Hn>Ke b TaSniiuie 7. 



TaBnntja 7 




npOHHMaBMOCTb (ABpCK) 


npOBOflHMOCTb (MflapcmfcyT) 


LUwpHHa Tpeii|MHij (aiomm) 




0,5" 


0,2" 


0,5" 


P,2" 


0,5" 


0,2" 


3000 


27B 


206 


3471 


1696 


0,15D 


0,099 


6000 


26B 


125 


2930 


654 


0,131 


0,OB2 


9000 


264 


399 


2445 


2400 


0,111 


0,072 



BwriM cAenaHbi cneflyromHe BbiBOAbi. 

MsirKan cranbHaq npoBonoKa c noKpbiTneM Obina wcnbuaHa c AayM^i pa3nimHbiMM AnnHaww 
0,5" m 0,2". 

npoBonoKa 0,5" Mwiena 6onbiuyio ujnpwHy Tpeu^MHbi. 



CipaHMna: 12 
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3Ha4eHMfl npoHMMaeiwocTM m npoBOflMMOCTM ppa ahhhhom m kopotkom npoBOJiOKM cxoflHbi, 
ripuMep 8. fljiMTenbHOCTb B03iAewCTBiw Kanpn>KBHMfi 

Ebino npoBefleHO oflHo flnnieribHoe wcnbiTaHwe Ha npoBOflMMocTb c npoBonoKOM nann6pa 26 
c noupbimeM, npn 3acbinKe pacKnuHMBaioinero HanonHMTejw 2 cpyi-n7AioMM 2 n HanpHMcewieM 
s 3aKpbiTMfl 9000 psi. fle6iiT 6bin paBeH 4 mjt/mmh. npoBOflMMocTb 6bina M3MepeHa nocne 4, 24, 
48 h 72 nacoB. Pe3ynbTaTbi ncnbrraHMti npiiBeAeHbi HMwe b taeniae 8. 
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Ta6nni(a B 




npoHHiiasMOCTb (flapoi) 


nponoflHMOCTb (MflapcH-cpyr) 


UlMpMHH TpBIUHHbl (piDMM) 




217 


1404 


0,077 




259 


1578 


0,073 




331 


2012 


0,073 




329 


2000 


0,073 



EbiJiLi cflanaHbi cjieflyromwe BbiBOflbi. 

flnn nepBbix 24 qacoB npoHMLjaeMOCTb w npoBOfliiMocrb 3aioiaflKM paciaiMHMBaioLnero 
Hano^HMTenn 3Ha4MTenbHo He M3MeHnnwcb. 

rtpoBOfliiMOCTb 3Ha4MTenbHO B03pacTana nocne 24 nacoB, ho npMHMHbi aToro b HacTonmee 
Bpewin He w3BecTHbi. npOHMijaeMOCTb cra6MJiM3MpOBanacb nocne 48 nacoB. 

fljlMTeJlbHOCTb B03fleMCTBMJl HanpflHCeHMfl He OKa3blBaeT BJlMHHMfl Ha LUMpMHy TpeiUMHbl. 

c&opiwyna M306peTeHnn 

1. Cnoco6 pacKnuHMBaHMfl Tpeu^nHbi b noA3©MHOM nnacTe c coAepwamew HameraHwe b 
nnacr >KMflKOCTH c pacKnuHMBaroiAwiw HanonnMTeneM, coAepwamMM, no cymecrBy, MaTepwan b 
BMAe yAniiHeHHbixMacTvm, MiweiomMx cpopMy c oTHoujeHiieM AnwHbi k uiwpMHe, npeBbiniaroiiiMM 
5. 

2. CnocoG no n.1, OTnMMaromMMCfl Tewi, mto oTAenbHbie Macmmbi waTepwana b BMAe 
yAJWHeHHbix 4acTOM nwieioT cpopMy c oTHomeHiieM AnwHbi k uiupuHe, npeBbiwaioLUMM 10. 

3. Cnoco6 no n.1 mjim 2, OTnMMaromiiMCJi TeM, mto OTAenbHbie nacrviqbi wiaTepnana b BMAe 
yAJWHeHHbix Macrwu, mmgiot cpopMy cerMeHTa npoBonoKM. 

4. Cnoco6 no nio6oMy M3 nn.1-3, oTnuHaioiJLiWMCn TeM, mto wiaTepnan b Bnqe yAJinHeHHbix 
Hacmu, flBn«eTCfl, no cympCTBy, MeTannnHecKMwi. 

5. Cnoco6 no n.4, omwHaroiAMiicfl TeM, mo MaTepwan b bhas yAniiHeHHbix MacrnLj BbiCpaH M3 
rpynnu, cocTOJuneti M3 >«ene3a, cpeppnia, HH3KoyrnepOAMCTOM cranM, HepwaBeioirieM cranw w 
cnnaBOB >Kene3a. 

6. Cnoco6 no n.4, oTnuMaroi^MMCH TeM, mto wiaTepwan b BMAe yAnMHeHHbix mbctml; coctoht 
M3 wieTannimecKiix npoBonoit, wueramiix TBepflOCTb 45-55 gamhmlj no PoKBenny. 

7. Cnoco6 no nio6oMy m npeAwecTByiomwx nn.1-6, omnMaiomMMcn TeM, mto OTAenbHbie 
nacTnqbi iwaTepwana b BMAe yAnwHeHHbix MacTMU, noKpbiTbi cMonoii. 

8. Cnoco6 no nio6oMy W3 nn.1-7, oTnwHaioiAMiicfl Tewi, mto OTAenbHbie MacTHLjbi MaTepMana b 
BMAe yAnwHeHHbix MacTMq wiweioT AnMHy 1-25 mm, npeAnoMTMTenbHo npM6nn3MTeribH0 2-15 mm. 

9. Cnoco6 no nK>6owy M3 nn.1-8, OTnunaioi^HMcn TeM, mto OTAenbHbie MactMLibi MaTepnana b 
BMAe yflnMHeHHbix MacrMLi MMetoT AMaMeTp npn5nM3MTenbHo 0,1-1 mm, npeAnoMTMTenbHo 
npM5nM3WTenbHO 0,2-0,5 MM. 

10. CnocoS pacicniiHMBaHMfl TpemMHbi b noA3eMHOM nnacTe c noMomibio pacKXiMHMBaroiAero 
HanonHMTenn, coAep)KaiAMM A^a HeoAHOBpeMeHHbix aTana pa3MemeHMH b TpeiAMHe nepBoro 
pacKnMHMBaromero HanonHMTenn, cocTOflinero, no cymecTBy, M3 HeMeTannwMecKoro MaTepMajia 
b BMAe ccpepwMecKMX MacTMn, w pa3MemeHMH b Tpeu4t4He BTOporo pacKnMHMBaromero 
HanonHHTena, cocroninero, no cymecTBy, 113 MaTepMana b BMAe yAnwHeHHbix Macrwn, MMeioiAnx 
OTHooieHne A"MHbi k sKBMBaneHTHOMy AwaMeTpy, npeBbiujatoLqee 5. 

11. Cnoco6 no n.10, oTnMMarotMwPicfl TeM, mto OTAenbHbie MacTwubi MaTepMana b BMAe 
yAnwHeHHbix MacrwM MMeioT cpopMy c oTHouieHweM AnnHbi k lUMpwHe, npeBbiuuaioLUMM 10. 

12. Cnoco5 no n.10 wnw 11, OTnMMaromMMcn TeM, mto OTAenbHbie MacTWMbi MaTepwana b BMAe 
yAnMHeHHbix nacTHM MMeioT cpopMy cerMeHTa npOBonoKM. 

CrpaHHua: 13 
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13. Cnoco6 no nioSoMy m nn.10-12, oTntwaiomviMcn TeM, hto MaTepwan b BMfle yflnwHeHHbix 
Maonm mmeTcn, no cymecTBy, MeTaruiwMecKiiM. 

14. Cnoco6 no n.13, ornnMaioLmiMcy) TeM, mto Maiepiian b bwa© yflnwH6HHbix MacTMH Bbi6paH 
m rpynnbi, cocToninefi mwenesa, cpeppnTa, HM3KoymepoflMCTOfl era™, HepwaBeioinefi cTani/i h 

5 cnnaBOB >Kene3a. 

15. CnocoS no n.13, oT/iiiMaiOLAiiPicn TeM, mto MaTepwan b bha© yflniiHeHHbix MacniLi coctomt 
M3 MeTanxiMMGCKMX npoBonoK, MMeroinwx TBepAocTb 45-55 eAMHWui no PoKBenny. 

16. CnocoB no nio6oMy m nn.10-15, OTjiMMaioiAiwcfl tsm, mto OTAenbHbie Macrimbi 
MarepHana b Biifle yAniiHeHHbix MacrwLj noKpbiTbi cMonoii. 

io 17. Cnoco6 no moSoiwy M3 nn.10-16, OTjiMHarointiMCfl TeM, mto OTAenbHbie nacTMi^bi 
iwaTepwana b BMfle yflnnHeHHbix nacTim wweioT AniiHy 1-25 mm, npeflnoHTiuenbHO 
npw6jiii3iiTenbHO 2-15 mm. 

18. Cnoco6 no nioSoMy 113 nn.10-17, OT/iMMaroi^wwcn TeM, hto OTAenbHbie MacniLibi 
MaTepwana b Biifle yAni/meHHbix nacrim nrweiOT flfiaMOTp npn6nw3WTenbHo 0,1-1 mm, 

is npeAnoHTMTenbHO npii6nw3i/rrenbHO 0,2-0,5 mm. 

19. Cnoco6 niflpopa3pbiBa b nofl3eMHOM nnacre, coAepwau^w HameTaHiie jkmakoctm ahr 
rnflpopa3pbiBa b rwApaBnHHecxyio TpeqwHy, co3AaHHyto b nOfl3eMHOM nnacre, npuneM no 
MeHbiueti Mepe oflHa nopi^wfl >kwakoctm ajih riiApopa3pbiBa CQAep>KMT pacKnuHUBaromuM 
HanonHMTenb, coAepwaLMem, no cymecTBy, Maiepiian b bmas yAnnHeHHbix nacrviM, WMeromwx 

20 oTHomeHwe AnMHbi k aKBMBansHTHOMy AwaMeTpy, npeBbiwaiomee 5. 

20. Cnoco6 no n.19, OTjiMMaioiAMCicfl TeM, hto nopMWJi mcmakoctm fvin rnAPopa3pbiBa aBnaeTca 
kohu|gbom nopMiieii. 

21. CnocoS no n.19 iinn 20, oTjii/inaiomuiMCfl TeM, mo oTAenbHbie Hacnii^bi Marepwana b bma© 
yAnnHeHHbix nacTwq MiweiOT cpopMy c oTHOiueHweM AnnHbi k uiupWHe, npeBbiiuaroinwM 1 0. 

25 22. Cnoco5 no nro60My M3 nn.19-21, OTJiMMaioiniiCicfl TeM, mto OTflenbHbie nacrvmbi 
MaTepwana b bma@ yAJiwHem-ibix MacTiiq MMeiOT cpopMy cerMeHTa nposonoKn. 

23. Cnoco6 no nio6oMy W3 nn.19-22, oTniiMaioiuMwcfl TeM, hto Maiepwan b bma© yAnwHeHHbix 
qacTMLJi flBnneTcn, no cyinecrey, MeTannimecKMM. 

24. Cnoco6 no n.23, oTJiMHaioiAMftcfl tgm, mto Maiepnan b bmao yAnwHeHHbix Hacnm Bbi6paH 
30 M3 rpynnw, cocTOfliAew m 5xene3a, cpeppwTa, HM3KoymepoAMCToCi cranio Hep^aBeromeM crani/i m 

cnnaBOB *ene3a. 

25. Cnoco5 no n.23, OTjiMHaioiJ4iiMCH TeM, hto MaTepwan b BiiAe yAnwHeHHbix Maoris coctomt 
M3 MeTannimecKMx npoBonoK, MMeromiix TBepAocTb 45-55 eAMHuui no PoKBenny. 

26. CnocoS no nio6oMy M3 nn.19-25, oTnHHatoinnttcn TeM, mto OTAenbHbie MacTi^bi 
35 MaTepnana b bhab yAnnneHMbix MacTMM noKpbiTbi CMonoCi. 

27. Cnoco6 no nro6oMy M3 nn.19-26, OTnMMaroimiiicn TeM, mto OTAenbHbie MacTnqbi 
waTepnana b bmab yn/iwHeHHbix Macnin niweioT flniiHy 1-25 mm, npeAnoHTMTenbHO 
npn6nw3MTenbH0 2-15 mm. 

28. Cnoco6 no nio6oMy M3 nn.19-27, oTnHMaiotuniiCfl TeM, mto OTAenbHbie MacriiLibi 
40 MaTepnana b BHAe yAnnHeHHbix MacTiii^ MMeioT AwaMeTp npn5jiM3WTenbHO 0,1-1 mm, 

npeAnoMTMTenbHO npn6JiM3MTe/ibHO 0,2-0,5 mm. 
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